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Abstract 


The effect of substrate temperature and light intensity on 
plant growth and the uptake of major cations was studied in tomato 
plants, Lycoperstcon esculentwn Mill. cv. Michigan-Ohio Hybrid, grown 
under four temperature and two potassium substrate levels in the 
greenhouse and two potassium and three temperature substrate levels 
and 2 levels of light intensity in a growth chamber. 

The substrate temperature and light intensity had an influence on 
potassium-magnesium antagonism and the subsequent uptake of major 
cations. 

High substrate temperatures (23.9 and 29.4 C) coupled with high 
substrate potassium (12 meq K*/liter) favored early maturity of the 
flowers andthis effect was enhanced further with higher light intensity 
C1IS0G. £260): 

At the lowest substrate temperature (12.8 C) the plants receiving 
higher light intensity (1500 f.c.) tended to be taller than those 
receiving the low light intensity (750 f.c.) under both levels of 
substrate potassium (4 meq Kt /liter and 12 meq K’ /liter). As substrate 
temperature (23.9 and 29.4 C) was increased the effect of potassium 
on plant height decreased and the effect of light intensity increased. 

High substrate potassium, higher light intensity and high substrate 
temperature (29.4 C) appeared to improve stem growth. However, it 
appeared that high light intensity and high substrate potassium would 
tend to aggravate the problem of potassium induced magnesium deficiency. 
Potassium-magnesium antagonism appeared to be enhanced by higher light 


intensity (1500 f.c.) in combination with low substrate temperature 
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(12.8 C). Statistical analysis did not support the possibility that 
substrate temperature alone has a direct effect on potassium-induced 


magnesium deficiency. 


Although changes in pH did occur in the nutrient solutions under 
different substrate temperature regimes it did not affect uptake of any 


of the cations involved in these studies. 
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Introduction 


Production of greenhouse vegetable crops has increased in the 
past few years in Alberta. Recent surveys indicated the greenhouse 
vegetable industry has increased at about five to six per cent per 
year in recent years. The vegetable industry should continue to grow 
as the market appears to be receptive for the high quality tomatoes 
and cucumbers produced. 

Greenhouse tomatoes must have a proper balance of mineral 
nutrients continuously to produce a full crop of high quality fruit. 
The fertilizer containing the nutrients must be applied at the right 
times and in the correct amounts. 

The uptake of nutrients is an essential part of the growth process, 
and if the rate of uptake does not keep pace with growth, the con- 
centration of the nutrient in the plant tissue must decrease. Where 
diffusion is the main transport mechanism, there will be a depletion 
of nutrient around the roots. 

In greenhouses magnesium deficiency has been observed with 
considerable frequency on crops such as tomatoes, cucumbers, and 
crysanthemums. Tomato plants showing characteristic symptoms of 
magnesium deficiency have been observed in greenhouses in the 
Medicine Hat area of Alberta. 

In the field-grown crops magnesium deficiency occurs on soils low 
in exchangeable magnesium, but in the greenhouse it is more often 
associated with excessive applications of other nutrient elements, 


particularly potassium. 
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Potassium-induced magnesium deficiency and its effect on growth, 
yield and mineral composition of susceptible crops has been investigated by 
others. The possible influence of soil-root temperature and light intensity 
on nutrient uptake was also investigated. That "soil'' temperature would 
have a possible role in aggravating the problems was suggested by the 
fact that magnesium deficiency occurs more commonly on warm crops 
than on cool crops. Results of earlier experiments indicated that 
the substrate temperature, rate of potassium fertilization, and light 
intensity all had a possible influence on the incidence of magnesium 
deficiency (Kabu and Toop 1970a, 1970b). A high rate of potassium 
fertilization and high "soil" temperatures could act together in ag- 
gravating the symptoms of magnesium deficiency. Under high light 
Papchaity there was a trend towards less magnesium uptake than under 
low light conditions. Several references have been made to magnesium 
deficiency induced by potassium fertilization and some of the factors 
that influence it (Greenham 1965; Hohlt and Maynard 19663; Kabu and 


Toop 1970a, 1970b; Ward 1967c; Ward and Miller 1969; Welte 1963; 


Froshey 1963; Holmes 1962). However, little research has been conducted 
on the influence of soil temperature in combination with light intensity 
on nutrient uptake by plants. 

The objective of this study was to determine potassium-induced 
magnesium deficiency at various "soil" temperatures in greenhouse 
tomatoes and the effect of various "soil" temperatures in combination 
with light intensity on the growth and their interaction relationship 


in the growth chamber. 
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Literature Review 


Magnesium deficiency symptoms 


Magnesium deficiency has been observed by many others. The 
importance of magnesium as a field fertilizer was first recognized 
for tobacco (McMurtry 1947). The characteristic symptoms of mag- 
nesium deficiency were called "sand drown" before the cause of the 
condition was known. The deficiency is characterized by a loss of 
green color in the lower leaves of the plant, beginning at the leaf 
tip and progressing inward along the margins and between the veins. 
The visual symptoms of magnesium deficiency have been described and 
illustrated by Embleton (1966), Jacob (1968), Sprague (1963) and 
many others. As a general rule the most common symptom of magnesium 
deficiency in tomato crops is intervenal and marginal chlorosis. 

The yellowing of the foliage characteristic of this deficiency first 
appears among the middle leaves of the plant, is usually most severe 
in mid-season, and may subsequently become less prominent as the 


removal of leaves is continued upward from the base. 


Occurrence of magnesium deficiency 


Ion interactions have been defined by Emmert (1961b) as the 
enhancing or depressing influence of one ion in a tissue on the 
accumulation of other ions of dissimilar species in that tissue. The 
nutrient ions do not change in concentration in a tissue in a singular 
and isolated manner. A change in content of one ion is invariably 
accompanied by secondary changes in tissue content of other dissimilar 


ions, even though availability to the plant of the ions interacted 


‘ i} 
ewodqnra youshoaiioh tuleon 
; : 
’ 7, 
; : r io é 
- . r - - is 
\ 
' 4 ¢. 
: rip \A SD 
i ; Gs 
ra uy = O1 
4 - 
i 3 i [ 
t 
, o 
: a 4 
7 a, ¢ 4 i 
r _ ) ,i0 . 
4 OD Aw JMO. fil YE 
: > in Suerio 3 36 notwel 
A ‘ 4re 4 c* & 
’ 7 | reine 
i 
2 SMOOS9 Yi OHuULeaaau ‘en fies «oh 


{ 3 4 * sutbjngoo eb asyveol to Lavon 
ei 


’ 7 


vs 7 
"tr f ta! MU Lesa to 2 icerTirs WJ 
Je et ~_—+— te i ee mm ——s 
ee | 
oifs en (dlael) JxoomG ¢d bealish adod svat eaotiseasink aet 2 


be 
ene no oueatd 9 mk not sa0 Io gonevitat guieestqsb 10 gniooednm 
~ 1 

3 sal mike meek. tedio Re notte Lemus 
~~ - 7 pe , y ss" * 
. 4 . : ; ¢ aA s] i i 4 ok dj a ks 3a 


Ay 


+ 


upon remains unchanged. 

The application of any one fertilizer to the soil can affect the 
composition of plants with regard to elements other than those applied. 
The supply of magnesium to the crop can be affected by the application 
of other nutrients. (Winsor and Long 1963). 

Jacob (1958) defines "ion antagonism" as the frequently observed 
phenomenon whereby the uptake of an ion by the plant is inhibited by 
the increased supply of other ions whether as a result of soil pro- 
cesses or the influence of the plant itself. This ion antagonism can 
also be expressed as the interaction of ions involving the depressing 
influence of one ion on the other ion. The deficiency of a nutrient 
in a plant resulting from ion antagonism is usually referred to as 
"induced deficiency". The antagonistic effect of potassium on 
magnesium is greatest when substrate magnesium is relatively low. 

If the plant-soil system is regarded as a Donnan system con- 
sisting of two colloidal phases, the relative distribution of cations 
of different valence between the two phases will depend upon the ex- 
change capacity of both plant roots and clay mineral particles. Ac- 
cordingly, other things being equal, the same plant is expected to 
take up larger proportions of the monovalent cations and smaller 
proportions of the divalent cations, the higher the exchange capacity 
of the clay mineral (Bear 1964). Welte and Werner (1963) differentiate 
between physico-chemical cation interactions and specifically physiological 
antagonisms. The exchange-adsorption of magnesium and other cations 
at the sorption complex of the soil as well as at the sorption sites 


in the 'free space’ of the plant root is governed by the physico- 
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chemical Donnan laws. Thus in magnesium deficient soil with high 
sorption capacity in which the Mg-ions are intensely bound, an 
application of potassium can improve the magnesium supply of the plant 
by releasing part of the bound Mg-ions from the sorption complex. 
However, in coarse soils low in sorption capacity this displacing 
action of potassium can reduce Mg-supply to the plant by promoting 

the leaching of this element. 

The physiological antagonism is based on the ion competition for 
the sorption sites of the organic structures functioning as ‘carrier' 
molecules in the process of active cation uptake. The competition 
between cations during entry into plant roots growing in soil are 
based on the equilibrium of the cation activity ratio. This ratio 
reflects the outcome of the competition (Arnold 1968). 

Welte and Werner (1963) studied the effect of increasing amounts 
of K on the Mg-content as well as of increasing amounts of Mg on the 
content of K in maize. They found that high K-concentrations in the 
substrate decreased the Mg-content of the plant, and lower K-contents 
were caused by an increased Mg-application. From the physiological 
point of view this means that the interaction between these cations 
is a true antagonism. 

Drew et al (1969) stated that potassium uptake from soil by roots 
of comparable absorbing power can be accounted for solely by the 
diffusion supply process and the geometry of the absorbing root 
surface. The relation between uptake and characteristics of the 
plant and soil is interpreted on the basis of a diffusion supply model. 


Uptake is accounted for in terms of the geometry of the absorbing 
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root surface, the physiologically controlled absorbing power of the 
roots, and the diffusion through the soil. According to Jacob (1958) 
the differences in speed of diffusion can cause certain ions with 
higher mobilities to enter plant cells preferentially and thereby 
disturb the equilibrium. The ions entering more quickly can make 
more difficult the entrance of more slowly moving ions. An excessive 
supply of certain ions can impede the uptake of such ions as are 
present in only small amounts in the nutrient medium. 

The diffusion is generally an important process for potassium. 
Ability to supply depends on concentration in the soil and mobility, 
expressed as the diffusion coefficient. 

The diffusion coefficient for Kt varies with the amount that is 
diffusible and depends on the slope of the relation between the ex- 
changeable Kt and the soil solution Kt. The supply of Kt in soils 
available to plant roots will thus be affected by the changing soil 
solution concentration and the concurrent depletion of the exchangeable 
Kt near the root surface. 

In the plant the magnesium ion is exposed to a whole series of 
antagonistic ions such as Ca, H, NH, , Mn and K (the most important of 
all). Cain (1953) observed that a given ion has little if any direct 
effect on the total absorption of another by apple trees although 
the percentage composition of one ion may be decreased by the appli- 
cation of another if its rate of absorption does not keep pace with 
the rate of growth stimulated by the added ion. If the addition of 
one ion caused an increase in dry weight of the plant, there was 


generally more total absorption of all nutrient ions although some 
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plant parts may show a net loss of some ions. If there was no growth 

response, only the ion applied was absorbed in greater quantity. 
Sometimes an apparent ion-interaction can result merely from 

the dynamic influence of an added element like nitrogen on plant 

growth; the increased tissue volume results in a dilution of other 


elements in the tissue. 


Inherent magnesium deficiency 


A deficiency of magnesium is less of a problem on finer-textured 
soils and soils of the arid regions. However, a deficiency of mag- 
nesium is generally manifested on coarse-textured soils of the humid 
regions (Tisdale 1970, Embleton 1966). These soils normally contain 
only small amounts of exchangeable magnesium, a condition that is 
aggravated by the addition of large quantities of fertilizer salts 
which contain little or none of this element. The magnesium in 
these soils is released by ion exchange when these fertilizers are 
added. Large quantities of chlorides and sulfates enhance its removal 
in percolating waters. On humid-region, coarse-textured soils, the 
deficiency of magnesium in the plants is usually less pronounced in 
the years of relatively low rainfall. On the other hand, the soils 
normally contain inadequate amounts of exchangeable magnesium which 
are easily leached under heavy rainfall (Salmon 1963). Besides the 
permeability of soil, the soil reaction is an important factor deter- 
mining the extent of magnesium leaching. Because magnesium goes into 
solution to a greater degree in acid soils than in neutral or alkaline 


soils it is more strongly leached out under acid conditions than under 
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alkali conditions (Embleton 1966). Nevertheless magnesium deficiency 
has been reported on alkali soils by Heymann-Horschberg in Israel 
(Embleton 1966). Woodbridge (1955) reported deficiencies in apple 


orchards of British Columbia on soils ranging in pH from 4.9 to 8.2. 


Potassium-induced magnesium deficiency 


Ward and Miller (1969) reported that magnesium deficiency is 
particularly noticeable in greenhouse vegetables such as tomatoes and 
cucumbers. In the greenhouse it is more often associated with exces- 
sive application of other nutrient elements, particularly potassium. 
The visible symptoms of severe deficiency in leaf tissue are quite 
characteristic and probably the most easily recognized of any of the 
nutrient deficiency symptoms. Salmon (1963) reports that glass house 
and horticultural crops have suffered more often than farm crops 
from magnesium deficiencies, which have usually been associated with 
large potassium dressings. Magnesium deficiencies in crops are caused 
not only by inadequate exchangeable solution magnesium, but also by 
ion antagonism in acid soils and soils rich in potassium. 

Boynton and Burrell (1944) stated that magnesium deficiency 
was induced by the action of potassium in mutual ion replacement 
or ion competition, on the absorption mechanism of the roots or 
within apple trees rather than in the soil. Magnesium-deficiency 
leaf blotch was induced in McIntosh apple trees on acid soil low in 
exchangeable bases as a result of fertilization for 3 or more years 
with potassium fertilizer. Decrease in leaf magnesium and increase 


in leaf potassium accompanied the appearance of the symptoms. Walsh 
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et al. (1946) indicate that the absorption of magnesium by plants 
may be depressed under the influence of an excess of other nutrients, 
notably potassium and calcium, in the soil. The symptoms of magnesium 
deficiency in plants have been noted as a result of heavy potash 
fertilizing, despite an apparently adequate concentration of magnesium 
in an easily available form in the soil. The references to the aggra- 
vation of magnesium deficiency by potash fertilizing occupy quite a 
sizeable space in the literature. 

Re accentuating effect of potassium on magnesium deficiency 
was first pointed out by investigators such as Kidson, Southwick and 
Wallace in the late '30's of the present century. Drosdaff and Ken- 
worthy (1944) suggested that the severity of the magnesium deficiency 
in the Brooker, Florida, orchards was accentuated by previous applica- 
tions of approximately 5 tons per acre of tunghulls, which may contain 
up to 3.5 per cent K,0. They further found potassium was less harmful 
when applied to trees that received epsom salts. Prince et al. (1947) 
found that the most important single factor influencing the magnesium 
uptake of plants is the quantity of K that is available for their use. 
If an abundance of K is at the plants' disposal, its content of Mg 
will be relatively low. They concluded that it is advisable to use 
additional Mg as larger amounts of K are applied to the soil. Walsh 
and O'Donohoe (1945) recommended that the potassium/magnesium ratio 
of both the soil and plant merits attention when attempting to account 
for the development of magnesium deficiency. The wider the ratio in 
each case the greater is the tendency towards the development of 


magnesium deficiency. The ratio of potassium to magnesium has a direct 
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relationship to the relative amount of these elements available for 

absorption. Van Der Boon et al. (1966) observed that magnesium 

deficiency in the foliage of apple trees (Cox's Orange Pippin M IV) 

was increased by dressing with potassium and diminished by application 

of magnesium. Magnesium deficiency was most closely related to the 

K/Mg-ratio in soil, foliage and fruit. They claim that no magnesium 

deficiency will occur in apples when the K,0/Mg0-ratio is less than 

0.6 in the soil and less than 6 in the foliage. Dressing had the least 

effect on the nutrient content of the fruit. Dressing with potassium 

increased both the potassium and magnesium content in the fruit. 
Bingham et al. (as reviewed by Chapman 1961) found that potassium- 

induced magnesium deficiency occured on orchard soils of California 

where the ratio of exchangeable potassium to magnesium exceeded 0.5. 

Where the ratio was below 0.5 no magnesium deficiency occurred. Welte 

and Werner (1963) reported that at normal nutrient conditions the 

ratio K/Mg in the plant generally varies between 7 and 10. Potassium 

induced magnesium deficiency symptoms can occur in arable crops if 

the K/Mg ratio exceeds about 15-20, provided that the absolute Mg-level 

of the plant is relatively low. This critical ratio varies with 

different plant species. As the K-ion is more favourably absorbed by 

the plant than magnesium ion and as the magnesium uptake is more or 

less inhibited by other cations, the ratio of available K to Mg in 

the soil must be less than the K/Mg ratio in the plant. McColloch 

et al. (1957) report that an exchangeable K/Mg value greater than 

0.4 to 0.5 is suggestive of Mg deficiency in citrus. The ratio will 


indicate when Mg should be applied with K in order to reduce the pos- 
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sibility of potassium-induced Mg deficiency. They also found that 

the exchangeable K/Mg ratio of the soil could be used to describe the 
Mg content of the foliage: 83% of the variance in leaf Mg was related 
to the variance of the exchangeable K/Mg ratio of the 18 to 30 inch 
soil depth. However, only 28% of the variance in leaf Mg could be 
related to the variance in per cent saturation of K in the 18 to 30 


inch soil depth. 


Potassium uptake by the plant roots 


The supply of potassium in soils available to plant roots will be 
affected by the changing soil solution concentration and the concurrent 
depletion of the exchangeable K near the root surface (Drew et al. 1969). 
The initial solution concentration and the root absorbing power are the 
factors controlling uptake. Labile K concentrations may be reduced 
depending on the diffusion characteristics of the soil and nutrient 
demand by the root. The presence of root hairs affects uptake of 
potassium (Drew et al. 1969, Olsen and Kemper 1968). Arnold (1968) 
reports that ion uptake by roots is concentration, or more strictly, 
activity dependent. In addition to external concentration, the influence 
of other ions and the rate at which metabolic processes utilize ions 
are important. In considering how exchangeable, or labile, cations 
associate themselves with negatively charged soil colloids, it is to 
be expected that coulombic forces play an all important role in 
counteracting the kinetic energy of the cations. In addition, there 
is invariably at least some specific interaction between colloid 


surface and adsorbed cations, which can be held very close to the 
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surface with special affinity. Elgabaly (1949) states that the 

- difference in ion uptake could be attributed mainly to the influence 
of the medium. Clay minerals with high exchange capacity and high 
activity, release their monovalent ions to the plants more readily 
and divalent ions less readily than do clay minerals with lower ex- 


change capacity. 
Factors affecting magnesium deficiency 


pH 

The effect of the pH of the nutrient medium on the uptake of 
inorganic nutrients in general and of magnesium in particular has been 
studied by a number of authors. The development as well as the func- 
tioning of the roots may be affected by pH for a considerable length 
of time in nutrient media. 

Ferrari and Sluijsman (1955) who studied the magnesium nutrition 
of oats growing under field-experiment conditions, found that when 
equal contents of available magnesium were present in the soil, more 
pronounced symptoms of magnesium deficiency occurred at a low than at 
a high pH. 

In the investigations of Arnon (1939), (pH range from 5 to 6.7), 
Wadleigh and Shine (1939), (pH range from 3 ce 9), and Olson (1953), 
(pH range from 4 to 9), the effect of the pH of the nutrient medium 
on the uptake of inorganic nutrient from culture solutions was found 
not to be very pronounced. Mulder (1956) concluded that the effect 
of low soil pH on magnesium uptake is not the main reason for the 


occurance of magnesium deficiency in plants growing in acid soils. 
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Low soil pH may contribute, however, to the poor development of 
magnesium deficient plants on soils already poor in available 
magnesium. A reduced acidity (higher pH) of the soil enables the 
plant to take up more magnesium because of a better developed root 
system and/or a better functioning of the roots (less competition of 
H-ions). 

The magnesium content of plants is affected both by the soil pH 
and the available potassium. Welte and Werner report that raising the 
pH by liming without adding magnesium was more effective in improving 
magnesium uptake and growth than an addition of magnesium without 
correcting pH. The K/Mg antagonism is the more pronounced the lower 
is the pH. The antagonistic effect of the H* ion on Mg absorption 
by plants is stronger than that of KT ion. However, Adams and 
Henderson (1962) found that magnesium contents of plants at deficient 
K levels were prearen than at adequate K levels for the same soil, 
regardless of soil pH. The effects of K and soil pH on Mg content of 
plants appeared to be largely independent of each other. Mg content 
was affected by soil pH in some instances but the effect was inde- 


pendent of potassium level. 


Concentrations 

Adams and Henderson (1962) found that the effect of K on 
Magnesium content was generally greater on Mg-sufficient soils than 
on Mg-deficient soils. However, plants had a higher Mg content at 
deficient-K than at adequate-K. Minimum Mg concentrations in the 
plants appeared to be a suitable indicator of Mg-deficient soils 


where adequate K and lime were added. According to Welte and Werner 
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(1963) magnesium deficiency will occur where soil-Mg is at deficiency- 
levels and that only under these circumstances may generous potash- 
dressings have an aggravating effect. On those soils the object should 
be to accumulate soil-Mg by fertilizing to a sufficient level. Ward 
and Miller (1969) were not successful in producing the symptoms of 
magnesium deficiency in greenhouse tomatoes by the application of 
excess potassium. It resulted in a high potassium content in both 
upper and lower leaves, but the Mg was not depressed. Ferrari and 
Sluijsmans (1955) made the important observations that not only did a 
high concentration of K-ions in the soil depress Mg-uptake, but also 
that a higher concentration of Mg within the plant was required to 
eliminate Mg-deficiency symptoms when the internal concentration of 
the K-ions was at a high level. An excess of potassium in the 
nutrient solution is apparently frequently the cause of the occurence 


of magnesium deficiency under natural conditions. 


Soil temperature 


Lingle and Davis (1958) found that the concentration of the 
nutrient elements in tomato seedlings increased with increased root 
temperatures except that calcium and magnesium concentrations tended 
to decrease at high temperatures. The magnesium uptake in tomatoes 
increased with an increase in soil temperature from 50-55 to 70-75 F 
(10-12.8 to 21.1-23.9 C) and then remained relatively the same at 
80-85 F (26.7-29.4 C). Magnesium concentration had apparently stab- 
ilized at a point below the highest temperature. However, potassium 


concentration increased over the entire range of temperatures from 
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50-55 to 80-85 F. Del Valle and Harmon (1967) indicate that turnip 
growth and mineral absorption are influenced by soil temperature. 
Optimum soil temperatures for growth of tops was higher than for 
growth of roots. The mineral percentage tended to increase in the 
roots with increased soil temperature from 45 to 95 F (7.2 to 35 C).. 
In the tops the mineral percentage increased to an optimum temperature 
range after which it started decreasing. The total mineral uptake in 
the roots and tops was mainly influenced by the amount of growth. 
The uptake of magnesium for turnips was largest at 95 F (35 C) for 
roots from 65 to 75 F (18.3 to 29.4 C) for tops. There is a fall in 
magnesium uptake with further increase in the temperature to, $3 5 
(29.4 C) in tops. The effect of temperature on mineral concentration 
in the tops differs from that of the roots, in that it increased in 
tops to a maximum then decreased as temperature increased whereas in 
the roots the mineral concentration increased more or less regularly 
from 45 to 95 F (7.2 to 35 C). Kabu and Toop (1970b) found that high 
potassium fertilization and high soil temperatures can act together 
in aggravating the problem of magnesium deficiency. Under a low level 
of potassium fertilization (4 meq/1) the magnesium content of the plants 
increased with increase in substrate temperature from 55 to 75 F 
(12.8 to 23.9 C). At the highest temperature (85 F) (29.4 C) the 
increase was very little. Under the high substrate potassium (12 meq/1) 
magnesium content increased with increased soil temperature from 55 to 
75 F (12.8 to 23.9). Magnesium uptake was decreased with further 
increase in the temperature to 85 F (29.4 C). 


The potassium content of the plants under the low level of 


is 4 ii 
i 
7 a ' i 
: 
} ' 
.* P P 
5 
: 
; : 
> 
‘ : 
fj 
a 
‘ 
f 
: : 
- ocr 
1 t 
: | Dfi 
; Linke Be 
. : 
a9 » ‘ ¥ . ® Pt é 
P . 
7 4 s yy ' ta 
wz 3 — ~wii4 ” 4 
ZT 2\ of ¢2 mort stuIsate 3 


7 


Bila, (O mves) (A 28 


tOu iaxeaqmoad [foe mumbyge 
ee 
. ia « IpvSntm sdiT 8 «ade to yiswozrg 
. 
i > 4. j Of tat RS a iJ iy 23007 : 
= if 
1 
i" a 51") 1O7 ail3 al 2 
La 
¥ 
; hb |} Jt det 133.8 sgaat 
ia Ji 4 iu j 
\ Hy ce 
3o°r ! 5 iv 5f 
i+ : i , 593 72b ego. 
: sl. % rar TY; sam Bb 
/ 
109 Istanto sid @ 
rie et o3 SN) TY 22. of 
_ 7 ij 
: 5308 
iain | notiasliibsxys? aulbess3e@ 
~ 
29rgpea to melde1g edi gnilsavedgge as 
7 


jou 


nolteatf£ltjrw? ar 
, 


sdpe of sepotTront Hotw boeaat 


Ax) 
c= 


} ; + we 
te3 saofgtsi si3s-JA (9 €.E8 oF mi DP 
iF. | mer ae 
gilt 19BHU .2faa2t yey ane ambonde 
: a 7 ; - - 


16 


substrate potassium (4 meq/1) tended to increase as temperature was 
increased from 55 to 75 F (12.8 to 23.9 C) (Kabu, Toop 1970b). Further 
increase in temperature (85 F) resulted in an apparent depression in 
potassium uptake. However under the high substrate level of potassium, 
the potassium content of the plants at various temperatures did not 
show any consistent trends. Cannel et al. (1963) did not get a sig- 
nificant effect upon the uptake of magnesium in tomatoes over a soil 
temperature range of 54 to 95 F (12.2 to 35.6 C). However, potassium 
increased with the increase in temperature from 54 to 82 F (12.2 to 
27.8 C). Further increase in temperature 96 F resulted in a depression 


in potassium uptake. 


Light intensity 


Among the essential environmental factors affecting the growth 
and survival of plants on earth, light must be regarded as a major 
one. Light provides the energy necessary to control the growth and 
development of horticultural plants. 

Ward (1957a) studied the effects of light upon the nutrition of 
normal and potassium-deficient wheat seedlings growing under growth- 
chamber conditions. He found that any restriction of light intensity 
or duration resulted in higher levels of potassium in the plants, 
when potassium was available. Levels of calcium and magnesium uptake 
were not directly related to illumination. 

As reviewed by Treshaw (1970), Farmer found that as light 
intensities were reduced from 1700 to 500 fc, aspen plant height 


diminished correspondingly when temperatures of 24 C (75 F) during 
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the day and 22 C (72 F) at night were provided. Yet there was no 
significant height difference when plants were grown at only slightly 
lower temperatures of 21 C (70 F) during the day and 19 C (68 F) at 
night. Went (1957) found that heaviest production of the tomato 
cultivar, Michigan State Forcing, was obtained with a 23 C (73.4 F) 
day temperature and a 12 C (54 F) night temperature. He further 
pointed out that an optimum photoperiod and light level was essential 
to achieve these yields. Went showed that tomato plants could use 
16 hours of light at photosynthetic saturation (1000 fe of daylight 
or white fluorescent light) and that these plants produced about 
double the dry weight of those at equal irradiation in an 8 hour photo- 
period. Kedar and Retig (1968) studied the effect of daylight filtered 
through plastic materials of varying spectral transmission character- 
istics on stem elongation of normal and dwarf tomato plants. They 
found that a decrease in light intensity increased internodal length 
of both types of plants. As reviewed by Bickford (1972), Canham 
reported that one of the most important applications of supplemental 
lighting in England and Europe is in the growing of tomato plants. 
Supplemental light is most often used on plants sown in November or 
early December. The use of 300 watt-hours per square foot per day for 
a period of three weeks resulted in plants that flowered from 10 to 14 
days earlier than unlighted plants. 

Marr and Hillyer (1968) showed that a reduction of light intensity 
in the field and in the greenhouse affected the yield and shape of fruit 
produced. Decreased light intensity reduced yields and increased the 


percentage of misshapen fruit compared to non-shaded plants. Moe 
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(1972) studied the interrelated effects of temperature, day length and 
light intensity on growth and flowering of roses. He found that 

the rate of shoot growth was stimulated by long days and high temp- 
eratures. The final length of shoots at flowering was significantly 
longer with 16 hour days than with shorter days, whereas increased 
temperature and light intensity decreased shoot length. Growth of 

the uppermost internodes was the most sensitive to daylength, temp- 
erature and light intensity. 

Winsor et al. (1965) investigated the effects of magnesium 
deficiency on tomatoes at two levels of potassium over a period of 
years. The data showed that there was a significant yield response 
with magnesium applications on magnesium deficient tomato plants in 
only one out of four years, but, that one year coincided with a 
particularly sunny season. They suspected some relationship to exist 
between magnesium deficiency and light intensity. Chlorosis has 
often been observed to be more severe in greenhouses on plants 
adjacent to the glass. Kabu and Toop (1970c) noted that under high 
light intensity there was a trend toward less magnesium uptake than 
under low light conditions. But, differences were not consistant. 
There was also a trend toward higher potassium content in indicator 
leaf tissue with lower light intensity. 

Little research has been conducted on the influence of light 
intensity in combination with soil temperature on tomato growth, hence 
the experiments were designed to determine magnesium deficiency condi- 


tions in various ways. 
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Materials and Methods 


Experiment 1 


The influence of "soil'' temperature and potassium fertilization 
on the growth and the uptake of major cations by tomato seedlings. 


The studies reported herein were conducted in nutrition culture 


experiments using perlite as a growth medium. 


'Soil" temperature 


Four water tanks with mechanical temperature controls and each 
having eight holes large enough for the insertion of 25 cm pots up 
to the rim were installed in the greenhouse. The temperature of water 
goecne fours tanks-wasr set, at. 12.8, C..(55.,F) ,- 18.3 C (65 F) ,.23.9,C 
(75 F) and 29.4 C (85 F) respectively and maintained within a range 
Statl C. 
Cultivar 

Seeds of Lycoperstcon esculentum Mill. cv. Michigan Ohio Hybrid 
which is a vigorous tomato cultivar producing medium size fruit were 
obtained from Stokes Seeds Limited, St. Catherines, Ontario. Thirty- 
two tomato plants were grown in individual 20 cm plastic pots. Four 
seeds were sown per pot and allowed to germinate in the perlite moistened 
only with distilled water. Immediately after emergence the plants were 
thinned to one plant per pot and each pot was fitted into a 25 cm 
plastic pot having drainage holes plugged by rubber stoppers of 
appropriate size. Eight plants in as many pots were raised under each 


of the four substrate temperatures Of, 12 3851 8 035; 23.9 and, 29.4) C. 
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Nutrition 

The nitrate-type standard nutrient solutions as used at Long 
Ashton (Hewitt, E. J. 1966) including the minor elements as per the 
recommendations of Hoagland and Arnon (Hoagland, D. R. 1950) were 
prepared with variations in the potassium treatments. The levels for 
potassium were 4 meq and 12 meq per liter of nutrient solution. Half 
of the plants under each substrate root temperature received potassium 
at the rate of 4 meq per liter of nutrient solution, the other half 
received it at 12 meq per liter. The plants were fed weekly and 
watered as needed with distilled water. Two potassium treatments 
were applied as a simple factorial at the different "soil' tempera- 
tures. Each treatment was replicated four times. The pH of the 
nutrient solutions was 5.6 + 0.1. 
Plant growth 

Plant growth as influenced by the various treatments was assessed 
on the basis of dry weight production, height of plants at time of 
harvest and date when first flower was produced. Plants were harvested 
eleven weeks after emergence of the seedlings and separated into roots, 
stems and leaves. These were washed and dried in a forced-draft oven 
at 70 C. The plant materials were weighed and the average weight per 
plant calculated and subjected to analysis of variance by the method 
outlined by Steel (1960) and Cochran and Cox (1966). The average of 
four replications was recorded for each of the eight treatments. 
Mineral content 

Each dried material was ground in a Wiley Mill to pass a 60 mesh 


screen. The ground sample was homogenized by means of thorough mixing. 
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A weighed quantity (1 gr) was ashed ina muffle furnace and the 
minerals extracted according to the procedure outlined by Ward and 
Johnston (1962). The extracts were analysed for calcium, magnesium 
and potassium on a Perkin Elmer Model 303 Atomic Absorption Spectro- 
photometer according to the procedure outlined by Isaac and Kerber 
(1971). The spectrophotometer was set and operated as per the 
directions supplied with the instrument. Standard solutions with 
Pemcencratious of U.0 (blanks, O.1, 0.259, U.90, 0.75 and 1.00 parts 
per million for magnesium and 0.0 (blank), 0.5, 1, 2.5, 7.5 and 10 
parts per million for calcium and potassium were used for plotting 

the standard curves each time samples were analysed. The standard 
solutions of the above concentrations were prepared from the certified 
atomic absorption standard reference solutions for the respective 
elements supplied by the Fisher Scientific Co., Chemical Manufacturing 
Division, Fair Lawn, New Jersey, U.S.A. 

The plant tissue extracts were diluted with known volumes of 
distilled water so that the concentrations of the resulting solutions 
fell within the concentration range of the standard solutions. From 
the values obtained in terms of parts per million of the element in 
the diluted solution, the original concentration as percentage of 
dry weight was calculated. The average of four replications is 
reported as the concentration of the particular element in the part 
of the plant under investigation. The data were subjected to analysis 


of variance and Duncan's multiple-range test. (Steel 1960). 
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Experiment IT 


Influence of light intensity in combination with various feolie 


temperatures and substrate potassium levels on the uptake of major 
cations by tomato plants. 

The purpose of this experiment was to determine the effects of 
various soil temperatures in combination with two levels of light 
intensity and two levels of substrate potassium on the growth and ion 
uptake of greenhouse tomatoes grown in a growth chamber for 11 weeks. 

Seeds of tomato, cultivar Michigan-Ohio Hybrid were grown in 
perlite in plastic containers in a growth chamber. Conditions in 
the chamber were maintained at 70 F (21.1 C). Light was supplied by 
cool white fluorescent tubes and the photoperiod was controlled by an 
electric timer. 

The plants were grown under conditions of constant photoperiod, 
16 hours, but with light intensity of 750 and 1500 foot candles. 

Three water tanks with mechanical temperature controls were 
installed in the growth chamber. The water temperature of the tanks 
was set at 12.8, 23.9 and 29.4 C, respectively, and maintained within 
a range of +1 C. Twelve individual plants were raised under each of 
the three root-medium temperatures. The plants were watered as needed 
with distilled water and fed weekly with nutrient solution. A nitrate 
type standard nutrient solution as used at Long Ashton, including 
minor elements according to recommendations of Hoagland and Arnon 
Was prepared with variations in potassium levels as required by the 


two potassium treatments (4 meq/liter and 12 meq/liter). 
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In each of the three water tanks (3 temperature treatments) plants 
were grown under two levels of light and two levels of substrate 
potassium for a total of twelve treatments. Each treatment was repli- 
cated three times. Two potassium and two light intensity treatments 
were applied as a factorial design on the different "soil" tempera- 
tures. Low light intensity was achieved by shading with layers of 
cheesecloth. 

The plants were harvested 11 weeks after emergence at a stage of 
growth when the requirement for mineral nutrients is presumably high. 
The harvested plants were weighed, dried at 70 C in a forced-air oven. 
The samples were reweighed and ground for subsequent chemical analysis 
as described in experiment 1. The dried tissue was ashed at 550 C for 
four hours. A hydrochloric acid extract of the ash was prepared and 
analysed for mineral constituents by methods outlined by Ward (1962). 

The plant tissue was analysed for potassium, calcium and magnesium 
within leaves and stems as described in Experiment 1. The flowering 
date was recorded for each treatment. The plant height was measured 
and recorded every week after emergence. At the end of the experimental 
period the plant height, stem-thickness, pH of the substrate and the 
length of fully elongated internodes were measured. Thus, the upper 
3-4 internodes were not taken into account. The data were subjected 


to analysis of variance and Duncan's multiple range test. (Steel 1960). 
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Results 


Experiment 1. Influence of substrate temperature and potassium 
fertilization on plant growth and the uptake of major cations by 


tomato plants 


A. Influence of substrate temperature and potassium fertilization 
on tomato plant growth 


Significant differences in height were recorded for tomato plants 
grown under 2 levels of potassium fertilization and 4 substrate 
temperatures 1] weeks after emergence (Table 1). 

Under the low level of potassium (4 meq/liter) the height of the 
plants increased with increase in substrate temperature up to 23.9 C. 
At the highest temperature (29.4 C) the height was decreased. Under 
the high substrate potassium (12 meq/liter) the same pattern was 
evident with the tallest plants at the middle range of temperatures. 

Analysis of variance indicated that the substrate temperature 
had a highly significant (p = 0.01) influence and the potassium level 
had a significant (p = 0.05) influence on the plant height. However, 
no interaction effect of those two variables was evident. 

Statistical analysis indicated that there were no significant 
differences in the height of the first flower cluster on any tomato 
plants regardless of treatment (Table 2). 

The date on which the first flower buds opened was recorded for 
plants in each treatment. Under low potassium nutrition, the flowers 
bloomed an average of 62 days after emergence at 12.8 and 18.3 C, 55 
days at 23.9 C and 56 days at 29.4 C. Under high potassium nutrition, 


the flowers bloomed 57 days after emergence at 12.8 and 18.3 C, 55 days 
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Table 1. Height of tomato plants grown under 2 potassium and 3 


temperature substrate levels 


Treatment Height of tomato plants (Cm) 
Substrate temperature (C) 4 meq Kt/liter 12 meq Kt/liter 
8 * 109.3 a 109.8 a 
18.3 113.0 ab 127.09 Fe 
23.9 120.3 be 125.8 “c 
29.4 110.5 ab 113.5 ab 


*Within or between columns figures not followed by the same letter 
are significantly different from each other (p = 0.05) according to 


Duncan's multiple-range test. 


26 


Table 2. The height of the first flower cluster of tomato plants under 


2 potassium and 4 temperature substrate levels 


Treatment Height of lst flower cluster (Cm) 
Substrate temperature (C) 4 meq Kt/liter 12 meq Kt/liter 
12.8 * 76.5 a 64.8 a 
Loe Yd ee: | Peco 
rs Pe) Loca ra 220° a 
29.4 66.8 a 69.8 a 


*Within or between columns figures followed by the same letter are 
not significantly different from each other (p = 0.05) according to 


Duncan's multiple-range test. 
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at 23.9 C, and 56 days at 29.4 C. Although statistical analyses 
were not made the difference of 5 days between the two potassium 
treatments at the two lower temperature regimes is of practical sig- 
nificance. 

Maximum growth, measured on a dry weight basis, was obtained 
under the high level of potassium at root-medium temperatures of 18.3 
and 23.9 C (Table 3). The dry weight of both leaves and stems fol- 
lowed much the same pattern as that of the entire plant but the dry 
weight of roots tended to decrease with increase in temperature over 
the entire range. In all instances dry weights were greater at the 
higher level of substrate potassium but differences were not always 
Statistically significant. 

The analysis of variance indicated that the substrate temperature 
and the potassium level had a highly significant (p = 0.01) influence 
on the dry weight production of entire plants. The dry weights of both 
leaves (p = 0.01) and stems (p = 0.05) considered separately were 
influenced by the substrate temperature and the potassium level as 
was the entire plant but only the substrate temperature had a highly 
significant (p = 0.01) influence on the dry weight of roots. However, 
no interaction effect of those two variables was evident except on 
the dry weight of the stems. Both the substrate temperature and its 
interaction with the potassium level did affect the dry weight of 
Stems. Statistical analysis revealed a significant influence of 
"soil" temperature on the dry weight production under high potassium 
levels at substrate temperature of 18.3 and 23.9 C than at substrate 
temperature of 12.8 and 29.4 C for the stems, leaves and the plants as 


a whole. 
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Table 3. Average dry weight of tomato plants grown under 2 potassium 


and 4 temperature substrate levels 


Treatment Dry weight per plant (g) 
Substrate temperature (C) 4 meq Kt/liter 12 meq Kt/liter 
Leaves 12.8 *10.68 ab 12783 °c 
LSe3 Es a0 13.88 cd 
2869 13.24 ted 14.70 d 
29.4 10.56 a L2<20 0¢ 
Stems 2G 5.45 a 6.14 ab 
18.3 Peek 2 ao 8.95 d 
23 3 Fibs c 9127) d 
29.4 acne 8 6.67 b 
Roots 1248 ao2iaibc 2464 ic 
hoes 1.96 ab 2004 be 
23:59 1.68 ab 1.70 ab 
29.4 Lhe We poh P6508 
Whole L2nO 18.34 ab eure 0Med 
plants Lovo 19.68 be 25407 e 
23.9 Qe, Sod 25766%4E 
29.4 17.42 a 20<52. bed 


*Figures not followed by the same letter, within or between columns 
within each group (i.e. leaves, stems, roots, whole plants) are 
significantly different from each other (p = 0.05) according to 


Duncan's multiple-range test. 
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B. Influence of substrate temperature and potassium fertilization 
on the mineral content of tomato plants 


With regard to the mineral content of the plants under the 
various treatments the entire plants were harvested and the leaves, 
stems and roots analyzed separately for total magnesium, potassium 
and calcium content. 

1. Magnesium 

Magnesium content was tabulated both in terms of the average 
total magnesium content per plant (Table 4) and as percent of dry 
weight (Table 5). 

Under the low level of substrate potassium (4 meq/liter) the 
magnesium content of the aerial portions of the plants appeared to 
increase with increase in substrate temperatures (Table 4). On the 
other hand at the high level of substrate potassium (12 meq/liter) the 
magnesium content of the aerial portions of the plants increased with 
increase in substrate temperature only up to 23.9 C after which it 
dropped. The magnesium content of the roots tended to decrease with in- 
crease in substrate temperature under both levels of substrate potassium. 

The magnesium content of the plants expressed as percent of 
dry weight did not show any consistant trends and appears not to be 
much affected by substrate temperatures under either level of substrate 
potassium. However, under the high level of substrate potassium 
there was a tendency for the magnesium content as percent of dry weight 
of the aerial portions of the plants to increase with increase in 
substrate temperature up to 23.9 C after which it dropped. The 


magnesium content of the roots as percent of dry weight appeared to 
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Table 4. Total Mgtt in the vegetative organs of tomato plants grown 


under 2 potassium and 4 temperature substrate levels 


Treatment Average total Mg‘? content per plant (mg) 
Substrate temperature (C) 4 meq Kt/liter 12 meq Kt/liter 
Leaves Hewes *41.65 a 36157-a 

toed 3° 50728 45.80 a 
Pas Pee. 39./2 a 58.07 b 
29.4 44.35 a 34.91 a 
Stems tee! 12.81 ab LL 6 Joa 
18.3 16.4300 16756 ¢ 
23.9 15 O60 7uc Ure 1c 
29.4 BE oy foo 1 UL ape 
Roots 12.8 3«32eab 52:5-b 
18.3 3.33.20 4.03 ab 
23.9 Legere din be we 
29.4 2.81 ab 2245 a 
Aerial BLdesth 54.46 a 48.24 a 
Portion 1853 56.01, 4a 62.36 ab 
Cleaves 23.9 39.2004 Lea2o D 
& stems) Zo Ne 61.42 ab 48.92 a 
Whole 12.8 Sf-vi Bead 53.39 ab 
plants 18.3 59.34 ab 66.39 be 
2339 58.22 ab Who wees eae 
29.4 64.23 abc 51.40 a 


*Figures not followed by the same letter, within or between columns 
within each group (i.e., leaves, stems, roots, aerial portions and 
whole plants) are significantly different from each other (p = 0.05) 
according to Duncan's multiple-range test. 
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Table 5. Magnesium content as percent of dry weight in the vegetative 
organs of tomato plants grown under 2 potassium and 4 


temperature substrate levels 


content per plant 


Average Mgtt 


(Percent dry weight) 


12 meq Kt /liter 


Treatment 


Substrate temperature (C) 4 meq K*/liter 


Leaves 12.8 * 0.390 be Oe Shea 
18.3 0.355 abc 0.330 abc 
239 0.300 ab 0.395 be 
29.4 0.420 C OF265—-a 
Stems i? 6 O.285 be 0.190 ab 
to.3 0.250 c¢ 0.185 ab 
25739 0.210 abc Os IWiStia 
29.4 O.325ed 0.210 abc 
Roots 12.0 O.1507 a OG195 Dd 
ano 0.170 ab 0.180 ab 
23.9 O.b75yab OsLSO ea 
29.4 Dio 5ep 03155 7a 
Aerial i 30 0.340 be O25 Sinai 
Portions 1563 Dis aloe abe O22 7584p 
(leaves & PBS) O2270mab O2315 abc 
stems) 29.4 0. 365—¢ 0.255 a 
Whole T2e6 0. 325%Rc 0.245 a 
plants Loco 0.300 abc 0.265 ab 
23.9 0.260 ab 0.295 abc 
29.4 O235708¢ O7255-a8D 


*Figures not followed by the same letter, within or between columns 
within each group (i.e., leaves, stems, roots, aerial portions and 
whole plants) are significantly different from each other (p = 0.05) 
according to Duncan's multiple-range test. 
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increase with increase in substrate temperature under the low level 
of substrate potassium but showed the opposite relations under the 
high level of substrate potassium. However, differences were not 
always statistically significant. As far as aerial portions of the 
plants are concerned the Mett as percent of dry weight reached its 
peak at 29.4 C for the low level of substrate KT and at 23.9 C for 
the high level of substrate K*. 

The analysis of variance indicated that the potassium level had 
a highly significant (p = 0.01) influence and the substrate tempera- 
ture had a significant (p = 0.05) influence on the magnesium content 
as percent of dry weight but of stems only. Interaction of the 
substrate temperature and the potassium level appeared to affect the 
uptake of magnesium but not its distribution, at least with respect 
to stems. 
2. Potassium 

Potassium content was tabulated both in terms of the average total 
potassium content per plant (Table 6) and as percent of dry weight 


(Table 7). 


The potassium content of the aerial portions of the plants was 
numerically greatest at 23.9 C under low level of substrate potassium 
and at 18.3 C under high level of substrate potassium. The potassium 
content of the roots decreased with increase in substrate temperature 
beyond 18.3 C under both levels of substrate potassium (Table 6). 

The potassium content of the plants expressed as percent of dry 
weight did not show any consistant trends. However, at the lower 


level of substrate K* the uptake of Kt was significantly greater at 
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Table 6. Total potassium in the vegetative organs of tomato plants 


under 2 potassium and 4 temperature substrate levels 


Treatment Average total Kr per plant (g) 
Substrate temperature (C) 4 meq KT/liter 12 meq Kt/liter 
Leaves 1S 5 *0.299 a 0.085 d 
2Oe3 O.325 70 1.006 e 
23.3 0.344 b L2036.5 
29.4 0.306 a C267 1c 
Stems 12.8 Ur71G5. dc O39 -d 
13.5 0.161 a 0.488 f 
Daw Oe2O fae 0.409 e 
29.4 0.171 ab 0.340 d 
Roots jae! 0.020 c 0.084 g 
1.3 GT0F7 be 0.088 f 
7 teas 0.014 ab 0.050 e 
29.4 OL0L2) 2 0.041 d 
Aerial 1a legs: 0.484 a 1.204 b 
Portions lids 356) 0.484 a 17494°c 
(leaves & 23.9 0.548 a aoa 
stems) 29.4 0.477 4 1.210.b 
Whole 12.8 0.504 a 1.288 d 
plants 18.3 0.507 a LPS aret 
23-09 0.562 b 1.495.e 
29.4 0.489 a de ec 


*Figures not followed by the same letter, within or between columns 
within each group (i.e., leaves, stems, roots, aerial portions and 
whole plants) are significantly different from each other (p = 0.05) 
according to Duncan's multiple-range test. 
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Table 7. Potassium content as percent of dry weight in the vegetative 
organs of tomato plants under 2 potassium and 4 temperature 


substrate levels 


Average KT content per plant 


Treatment (Percent dry weight) 
substrate temperature (C) 4 meq Kt/liter 12 meq Kt /liter 
Leaves 12.8 * 2.800 b 6.900 d 
1h hes 2.800 b Dees0 £ 
23.9 2.600 a faLo0 2 
29.4 2.900 c 7.100 e 
Stems 2 ei 3.400 b 5.200 de 
1G.) 2.450 a 5.450 e 
2360 2. 750 2 4.400 c 
29.4 3.150 b. a. LOO 7d 
Roots 12.8 0.900 a 3.200 d 
Vase 0.850 a 3.950 e 
23.9 02850 2 2.950 c 
29.4 . 0.850 a 265990 °b 
Aerial 12.8 3.000 b 6s555: d 
Portions (Ee FLAN he UE | 6.540 e 
(leaves & 23.9 2.650 a 6.030 c 
stems) 29.4 2.985 b 6.400 de 
Whole 12.8 2.750 b 5.965 cd 
plants 1823 22000 4 6.30578 
23.9 2. 525s a 5 825 od 
29.4 2.010 5b 6.095 d 


*Figures not followed by the same letter, within or between columns 
within each group (i.e., leaves, stems, roots, aerial portions and 
whole plants) are significantly different from each other (p = 0.05) 
according to Duncan's multiple-range test. 
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both the lowest and the highest temperatures. At the higher level of 
substrate KT uptake was highest at 18.3 C. As one expects, potassium 
uptake was consistantly higher at the higher level of substrate Kt 
(Table 7). 

Analysis of variance indicated that the substrate potassium 
level had a highly significant (p = 0.01) influence on the potassium 
content of the entire plants. Substrate Sopaeetum level and its inter- 
action with substrate temperature also appeared to affect the potassium 
content of the entire plants. 
Bar Calcium 

Calcium content was tabulated both in terms of the average total 
calcium content per plant (Table 8) and as percent of dry weight 
(Table 9). 

Under the low level of substrate potassium the calcium content 
of the aerial portions of the plants tended to reach a peak at substrate 
temperature of 23.9 C. At the highest temperature (29.4 C) the cal- 
cium content was decreased (Table 8). On the other hand, under the 
high level of substrate potassium the calcium content of the aerial 
portions of the plants was highest at substrate temperature of 18.3 C. 
At temperatures above this the calcium content of the aerial portions 
of the plants progressively decreased. The calcium content of the roots 
tended to decrease with increase in substrate temperature over the entire 
range of temperatures used under both levels of substrate potassium. 

Expressed as percent of dry weight, the calcium content of the 
aerial portions of the plants appeared to decrease moderately with 


increase in substrate temperature under the low level of substrate 
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Table 8. 


under 2 potassium and 4 temperature substrate levels 
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Total calcium in the vegetative organs of tomato plants 


substrate temperature (C) 


Leaves 


Stems 


Roots 


Aerial 
Portions 
(leaves & 
stems) 


Whole 
plants 


Treatment 


12.8 
18.3 
23 £9 
29.4 


na 
CO 
POW © 


bh 
jee) 
wow Oo 


“0.436 
0.290 
0.357 
0.243 


0.095 
0.108 
0.1249 
0.081 


0.050 
0.050 
0.035 
0.024 


0.431 
0.398 
0.476 
0.324 


0.481 
0.448 
0.511 
0.348 


4 meq K'/liter 


be 
abc 
c 
ab 


pe 
cd 
de 
ab 


ely ft) lon tap 


Average total Cat? content per plant (g) 


12 meq KT /liter 


0.257 
0.326 
0.294 
0.208 


0.074 
0.130 
0.097 
0.087 


0.065 
0.054 
0.031 
0.032 


Ova. 
0.456 
0.391 
0.295 


0.396 
0.510 
0.422 
0.327 


abc 
d 
abcd 
a 


*Figures not followed by the same letter, within or between columns 
within each group (i.e., leaves, stems, roots, aerial portions and 
whole plants) are significantly different from each other (p = 0.05) 
according to Duncan's multiple-range test. 
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Table 9. Calcium content as percent of dry weight in the vegetative 
organs of tomato plants under 2 potassium and 4 temperature 


substrate levels 


Average Catt content per plant 


Treatment (percent dry weight) . 
Substrate temperature (C) 4 meq Kt/liter 12 meq K*/liter 
Leaves 12.8 cs es Ted as Ae: 2.00 ab 
Toes 2.60 be 2-35 aD 
23:59 Zoi Gtbe 2.00 ab 
29.4 Ze ap dey hee 
Stems Ako Pore aU. CO aD 
Lis Bs 1.097 ca 1.45 abcd 
23.9 1.60 bed 1.0584 
pas pgs 1.50 bed 1730 abe 
Roots NaS 222 eave 2.45 °C 
18.3 Drake C 2.40 be 
2549 2.10 abc 1.80 ab 
29.4 1.65 a 2.00 abc 
Aerial 1226 2.680 e 1 Oka 
Portions LSe3 2620) DC 1.995) ab 
(leaves & 23.9 26510, bC UB eee I 
stems) 29.4 2.030 ab 1.560 a 
Whole 12:8 2.625 0 1.830 a 
Plants 18.3 2.290 be 2.035 ab 
23.9 2.290 be 1.650 a 
29.4 1995.ab 1.590 a 


*Figures not followed by the same letter within or between columns 
within each group (i.e. leaves, stems, roots, aerial portions and 
whole plants) are significantly different from each other (p = 0.05) 
according to Duncans' multiple-range test. 
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potassium (Table 9). Under the high substrate potassium the same 
pattern was evident except that the calcium content of the aerial 
porti ns of the plants tended to be higher at 18.3 C. 

Analysis of variance indicated that the potassium level had a 
highly significant (p = 0.01) influence on the calcium content of the 
leaves, stems and the plants taken as a whole. The substrate temp- 
erature had a significant influence (p = 0.05) on the calcium content 
of the stems but no significant effect on the calcium content of 
the roots. There was no interaction effect of those two variables 


on the calcium content of the plants. 
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Experiment II. Influence of light intensity, substrate temperature 
and potassium fertilization on plant growth and the uptake of major 


cations by tomato plants 


A. Influence of light intensity, substrate temperature and 
potassium fertilization on tomato plant growth 


For the first 6 to 7 weeks from germination there was little 
difference in the height of the plants regardless of treatments. From 
7 weeks after germination until harvest (11 weeks) differences in 
height due to treatment were evident (Fig. 1, 2 and 3). Under the 
high level of potassium, light intensity had much less effect on plant 
height than it did under the low level of substrate potassium at the 
12.8 C substrate temperature (Fig. 1). As the experiment progressed, 
the difference in height between plants of the two light treatments 
became greater under the low potassium level but became slightly less 
under the high potassium level. At the higher light intensity the 
plants were taller and potassium substrate level appeared to have less 
influence than was the case with plants growing ender the lower light 
intensity where high substrate potassium appeared to compensate for 
reduced light to some extent. 

As substrate temperature was increased the plants receiving the 
higher light intensity tended to be shorter than those receiving the 
lower light intensity under each level of substrate potassium. At 
23.9 C substrate temperature the difference in height between partially 
shaded and unshaded plants was greater under the low substrate potassium 
level than under the high potassium level. 


High potassium increased the height of plants under both levels 
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Plant height (cm) 


40 


60 
Pes 
1 
vi 
50 a 
« 
Ve 
bs 
12 meq K'/liter unshaded Va 
| ‘ tf 
a 
i gi 
vA 
12 me KT/ 
40 4 meq Kt/liter unshaded oA ae We 
sais a’ 
|| 
oo 
Pe a 
— fon: 
30 y S 4 meq K'/liter shade 
ii : cr 
y tia 
ro 
4 
Ps 
od 
209 
7 8 9 10 11 


weeks after germination 


Figure 1. The effect of light intensity and potassium levels on 


elongation of tomato plants at substrate temperature of 12.8 C 
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weeks after germination 


Figure 2. The effect of light intensity and potassium levels on 
elongation of tomato plants at substrate temperature of 23.9 C 
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weeks after germination 


Figure 3. The effect of light intensity and potassium levels on 


elongation of tomato plants at substrate temperature of 29.4 C 


‘. \ | 
‘ \ . Bebeta te92 fH pum Sf 


a 7 ° 
*\ \, » \ 
. \ 
* . xX > onl pv ~% ~\ 
¥. d ,* \ 
~ “ws 3 ~~ 
lh <4. 4 A = . 
mbeabade . ‘ 
~ 
7. | . 
~ . 
‘“\ ‘~*~ ‘“ \ 
-. X= * : 
9 _ , 
a 
> ~ 
: ~. 
; = Me 
- \ on. g ~ ~ 
eri A pea § a 
ne henanu yHET , u paw + ie ~~ “ey 
pai i ~ 
a =< - 


~ bebspenyw ‘ 
~ : 


~~ 


43 


of light intensity. (Fig. 2). At 29.4 C substrate temperature the 
light appeared to have the major effect on plant height with all 
partially shaded plants being taller than unshaded plants regardless 
of potassium level. The differences in height between plants of the 
two light treatments were great for both low and high potassium 
levels. (Fig. 3). 

At the end of the experimental period, the average height of plants 
under the various treatments was tabulated (Table 10). 

Under the low level of potassium (4 meq/liter) the height of the 
plants increased with increase in substrate temperature under both 
levels of light intensity. Under the high level of substrate potassium 
(12 meq/liter) the same pattern was evident. (Table 10). 

Analysis of variance indicated that the substrate temperature, 
the potassium level and light intensity all had a highly significant 
(p = 0.01) influence on the plant height. The substrate temperature 
and its interaction with light intensity also affected the plant height. 

The elongation of internodes of tomato plants under 2 light 
intensities, 3 substrate temperatures and 2 levels of potassium 
fertilization were recorded 11 weeks after germination (Table 11). 

The number of internodes on each plant stalk was found to be 13 regard- 
less of treatment. Therefore the differences in the heights of the 
plants of the various treatments were due to differences in internode 
length rather than in the number of internodes. 

The average length of the internodes was similar for plants 
grown under both levels of substrate potassium at each substrate 


temperature level. Under the low level of potassium differences in 


tdyled saaly wo tootie tohem ‘3 od bereeqqs Jdgtt 


j i | [ie) vars ion fa »o bade vileistieq 
ris 


- P P or : iM) few - Y 2 ite Jo 
: ; ir 7) ) ih 5 te 2a, « sve 3 ot eentdog 7 


* is aaa: 
Yor 38979 9TSV 3InemsB977 JABsL Gwe 
a 
v 


Cf .2tD) .alsvel” 


‘ 
’ 1 In f 
l a i 
; ¢ e3 t . OLg 
> ; 
eri > 4 / .. 1] 5 
Te : =~ Oi fli te - UP . ; 
‘ . fi 
[ ] ) d 5 
~ ~ Me rm ma 
TISDAYS aw i ii vf 4 
i J 4 . ance! ° > 
t - * r : - i, 
a> LISBARaIGS i Dae i ) 
; odin se T Saw 
ita HELG i) =onovulIn . 
3.5 x re 43 > vwe4tmi 
ins f S9I5992%eB of (31 tin ti ditw pelsacsrsijar 
’ [a o j oheor + Jo soljsmrmots 
J 
m rs ; 2 a. 
yr te vol X é SILTSQNST SIATIVG 3 
Q 


Cy 


(ff sfdaT) giesew [I bebrouves stow ae sinaesell 
nee 


.~basgez €5 9d of bavot saw tinta tondg fiona mo asbonisd ak “to nageer- ¥ : 


sf3 to Amen ofa ot nna penorit aia siolevant + InsmIgers “to wan 4 


ries : 


tb 92 9ub esse Nae ot? avotiny edi Io seal 


7 i 
_b i la val a —— i 
% elas ~ rl g< , 


Table 10. Height of tomato plants grown under 2 potassium and 3 


temperature substrate levels and 2 levels of light 


intensity 


Treatment 


Substrate Light 
temperature (C) intensity (f.c.) 


12.8 750 
1500 
2509 750 
1500 
29.4 750 
1500 


Height of tomato plants 11 weeks 
after germination (cm) 


4 meq KT/liter 


* 49.00 a 


56.33 


74.00 
63.67 


78.67 
65.67 


abc 


efg 
bed 


fg 
cde 


55.00 
57.00 


19630 
76.67 


83 .00 
Il, OF 


12 meq K‘/liter 


*Within or between columns figures not followed by the same letter are 


significantly different from each other (p = 0.05) according to 


Duncan's multiple-range test. 
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Table 11. Elongation of internodes of tomato plants grown under 2 
potassium and 3 temperature substrate levels and 2 levels 


of light intensity 


Treatment 


length of internodes (mm) 
Substrate Light 


temperature (C) intensity (f.c.) 4 meq Kt/liter 12 meq Kt/liter 


*older internodes 


12.8 750 *kk 43.3 ab 3975 ab 
1500 40.8 ab Bie 5g 

23.9 750 55.0 def 60.8.4 
1500 48.3 bed 43.8 abc 

29.4 750 57.9 ef owt ry do 
1500 50.8 cde 46.3 abcd 
**younger internodes 

12.8 750 55.4 abc 5 3rt ad 
1500 54.6 abc 52.0 ca 

2339 750 63.5 .cd J2ei ef 
1500 60.7 bed 58.5 abcd 

29.4 750 67.0 def 7 eee 
1500 64.7 de 61.9 bed 


*Internodes up to 7 from base of the stalk. 


**Internodes 8 to 13. 

*kkFigures not followed by 
within each group *i.e. 
significantly different 


Duncan's multiple-range 


test. 


the same letter, within or between columns 
older internodes, younger internodes) are 


from each other (p = 0.05) according to 
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internode length were slightly greater at the low light intensity 
than at the higher light intensity at each substrate temperatures 
but differences were not statistically significant. Under the high 
level of potassium, internode length was much greater at the low 
light intensity except at the lowest substrate temperature. 

The effect of light intensity on internode length was greater 
under the high level of potassium than under the low level of 
potassium with increase in substrate temperatures. 

Analysis of variance confirmed that there was a highly significant 
effect of substrate temperature and light intensity on internode 
length for both older and younger internodes. Potassium nutrition 
and its interaction with light intensity, as well as substrate temp- 
erature and its interaction with light intensity had an effect on the 
elongation of older internodes whereas only potassium nutrition and 
its interaction with light intensity affected the younger internodes. 

Significant differences in height of the first flower cluster 
were found for tomato plants grown at 2 levels of potassium and 3 
substrate temperatures and 2 light intensities (Table 12). 

Under low light intensity and higher substrate temperatures 
(23.9 and 29.4 C) the flower cluster height was greater than that of 
other treatments. Under both levels of substrate potassium and light 
intensity the height of the first flower cluster tended to increase 
with increase in substrate temperature. At the lowest substrate 
temperature and low light intensity plants under high substrate 
potassium had flower clusters significantly higher than plants under 


low substrate potassium. Analysis of variance indicated that the 
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Table 12. Height of the first flower cluster of tomato plants grown 


under 2 potassium and 3 temperature substrate levels and 


2 levels of light intensity 


Height of the first flower cluster 


Treatment of tomato plants (cm) 
Substrate Light 
temperature (C) intensity (f.c.) 4 meq Kt/liter 12 meg Kt/liter 

12.8 750 *39.2 a hoa DC 
1500 $512F ab 914388 

2319 750 48.3 cde S5 eo. 2 
1500 39.0 ab 44.0 bed 

29.4 750 See 53.17.¢2 
1500 39.8 abc 38.7 ab 


*Within or between columns figures not followed by the same letter are 
significantly different from each other (p = 0.05) according to 


Duncan's multiple-range test. 
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Substrate temperature and light intensity had a highly significant 
(p = 0.01) influence on the height of the first flower cluster. 
However, no interaction effect of the three treatment variables was 
evident. 
The number of days from germination to the opening of the first 
flower bud was recorded for plants in each treatment (Table 13). 
Some of the differences between treatments are of practical signifi- 
cance. High potassium levels coupled with higher light intensity 
and higher substrate temperatures appeared to hasten maturity of the 
first flower buds. The most significant delay in flowering was attributed 
to the lowest substrate temperature. 
The thickness of tomato plant stems apparently is affected significantly 
by potassium levels, light intensity and substrate temperature (Table 14). 
Analysis of variance indicated that all three of these variables 
had a highly significant (p = 0.01) influence on the stem thickness 
of the plants. Although no interaction effect of these three 
variables was indicated by analysis of variance the plants with the 
thickest stems were those grown under high substrate potassium, the 
highest temperature level and the higher light level. 
Maximum growth, measured on a dry weight basis, was obtained 
under the high level of potassium and the higher light intensity at 
a root-medium temperature of 23.9 and 29.4 C (Table 15). The dry 
weight of both leaves and stems taken separately followed much the 
same pattern as that of the entire plant. In all instances dry 
weights were greater at the higher level of substrate potassium and 


at the higher level of light intensity but differences were not 
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Table 13. The days to first flower of tomato plants under 2 
potassium and 3 temperature substrate levels and 2 


levels of light intensity 


Treatment 


Days to first flower 
Substrate light 
temperature (C) intensity (f.c.) 4 meq KT /liter 12 meq K*/liter 

12.8 750 69 63 

1500 56 54 

23.9 750 ey 57 

1500 53 51 

29.4 750 59 58 

1500 52 49 
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Table 14. The thickness of tomato plant stems grown under 2 
potassium and 3 temperature substrate levels and 2 levels 


of light intensity 


Treatment 


Stem thickness of the plants (mm) 
Substrate Light 


temperature (C) intensity (f.c.) 4 meq Kt/liter 12 meq Kt /liter 


12.8 750 * 8.30 a Fa 
1500 aE 10.33 .¢ 
2359 750 10.27 e 10.330 
1500 Te doe @ lie to 
29-4 750 ASU lf poo LOs50°E 
1500 11.43 h 1 Zid Tad 


*Within or between columns figures followed by the same letter are not 
significantly different from each other (p = 0.05) according to 


Duncan's multiple-range test. 
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Table 15. Average dry weight of tomato plants grown under 2 


potassium and 3 temperature substrate levels and 2 levels 


of light intensity 


Treatment 
Dry weight per plant (g) 
Substrate Light os 
temperature (C) intensity (f.c.) 4 meq K /liter 12 meq Kt /liter 


Leaves TZ. 750 aM TO fa iTS Fp 
1500 gD de ile eg gey As 
23.9 750 13.84 be Pn s7ecd 
1500 15<7 (cd 19.80 e 
29.4 750 14.70 bed 14.76 bed 
1500 17.56;de 18.82 e 
Stems izes 750 Leder G2) "ab 
1500 Side) late 5.68 be 
7 Be ot? 750 Jeo 7c 8.52 def 
1500 7.05 cde 1073 8te 
29.4 750 6.26 bcd 7.57 cde 
1500 8.74 ef L2s5552 
Whole 12.8 750 10.362a 15.34 ab 
plants 1500 17 220ebc L7.30eb¢ 
(leaves Za49 750 19.69 bed 24.07 de 
& stems) 1500 22.82 cde 30.5355 
29.4 750 20.95 cde 22533"cdé 
1500 26.30 ef cp eos 


*Figures not followed by the same letter, within or between columns 
within each group (i.e. leaves, stems, whole plants) are significantly 
different from each other (p = 0.05) according to Duncan's multiple- 


range .test. 
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always statistically significant. 

The analysis of variance indicated that the substrate temperature, 
light intensity and the potassium level had a highly significant 
(p = 0.01) influence on the dry weight production of the tomato 
plants. However, no interaction effect of these three variables 
was evident. The statistical analysis revealed a significant in- 
fluence of substrate temperature and light intensity on the dry 


weight production at the higher substrate temperatures (23.9 and 29.4 C). 


B. Influence of substrate temperature in combination with light 
intensity and potassium fertilization on the mineral content 
of tomato plants 


With regard to the mineral content of the plants under various 
treatments the aerial portions of the plants were harvested and the 
leaves and stems analyzed separately for total magnesium, potassium 
and calcium content. 

1. Magnesium 

Magnesium content was tabulated both in terms of the average total 
magnesium content per plant (Table 16) and as percent of dry weight 
(Table 17). 

Under the low level of substrate potassium the magnesium content 
of the plants appeared to increase with increase in substrate tempera- 
tures under both levels of light intensity (Table 16). On the other 
hand under the high level of substrate potassium the magnesium content 
of the aerial portions of the plants increased with increase in sub- 
strate temperature only up to 23.9 C after which it leveled off or 


dropped for both levels of light intensity. 
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Table 16. Total Mgtt of tomato plant tops grown under 2 potassium 


and 3 temperature substrate levels and 2 levels of light 


intensity 


Treatment 
Average Mgt* content per plant (mg) 
Substrate Light rs 
temperature (C) intensity (f.c.) 4 meq K /liter 12 meq K*/liter 
Leaves 128 750 *20.80 a 21.40 a 
1500 19.46 a 16.60 a 
23.62 750 33.50 cd 31.60 bed 
1500 27.08 b 32.50 bed 
29.4 750 33.5600 33,7 3ubed 
1500 31.54 bed 30.00 be 
Stems Lean 750 6.68 a Wane jaca D: 
1500 10.38 ab 10.84 abc 
2305 750 12.22) abe L6V4 Jac 
1500 14.35) be ZA oul 
29.4 750 ALL be 1.9 2eibe 
1500 I5.578.0¢ 227 Oued 
Whole ad 750 2RAT SA 30.67 a 
plants 1500 29.84 a 27.44 a 
(leaves 23.9 750 Ne VT RL oY 48.03 bed 
& stems) 1500 41.43 b 54/73 20d 
29.4 750 50. joMed 46.65 bed 
1500 47.52), bed a2 Obed 


*Figures not followed by the same letter, within or between columns 
within each group (i.e. leaves, stems, whole plants) are significantly 
different from each other (p = 0.05) according to Duncan's multiple- 
range test. 
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Table 17. Magnesium content as percent of dry weight of tomato 


plant tops grown under 2 potassium and 3 temperature 


substrate levels and 2 levels of light intensity 


Treatment Average Mgtt content per plant 
(percent of dry weight) 
Substrate Light 
temperature (C) intensity (f.c.) 4 meq K‘/liter 12 meq K'/liter 
Leaves 12,8 750 40 eee 0.194 be 
1500 0.168 ab 0.142 a 
2339 750 0.242 def 0.204 cd 
1500 Os b/ssaue 0.165 ab 
29.4 750 0.251 ef 0.215 cde 
1500 0.182 abc 0.162 ab 
Stems 1B at} 750 0259.0 Of 22 LADS 
1500 0.184 a 0.193 ab 
pa 750 0.209 abc 0.196 abc 
1500 0.203 abc U.205) abc 
29.4 750 05228 5¢ 0.197 abc 
1500 0.182 a 0.189 ab 
Whole 1258 750 02270.e QO.201L bed 
plants 1500 0.174 ab 0.156 a 
(leaves 23.9 750 Or232.0 0.201 bed 
& stems) 1500 0.182 abc 0.178 abc 
29.4 750 0.244 de 0.209 cd 
1500 0.182 abc O.27274b 


*Figures not followed by the same letter, within or between columns 
within each group (i.e. leaves, stems, whole plants) are significantly 
different from each other (p = 0.05) according to Duncan's multiple- 


range test. 
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The magnesium content of the plants expressed as percent of dry 
weight did not show any consistent trends and few differences between 
temperature treatments or potassium levels were statistically signifi- 
cant. However significantly more magnesium in proportion to dry weight 
was found in plants under the low light intensity as compared with 
the higher light intensity regardless of levels of substrate potassium 
or substrate temperatures, — The magnesium content in relation to the 
dry weight tended to be greater under the low level of potassium as 
compared with the higher level of potassium but differences were 
usually not statistically significant. As far as the higher light 
intensity is concerned the magnesium content in relation to the dry 
weight was not related to substrate temperature or substrate potassium. 

The analysis of variance indicated that substrate potassium levels 
and light intensities affected the magnesium content in relation to 
dry weight of the leaves whereas only light intensity affected this 
relationship in the stems. 

Potassium nutrition and its interaction with light intensity 
affected this magnesium dry weight ratio in the leaves. On the other 
hand potassium nutrition and its interaction with light intensity as 
well as substrate temperature and its interaction with light intensity 
affected this ratio in the stems. 

2. Potassium 

Potassium content was tabulated both in terms of the average total 
potassium content per plant (Table 18) and as percent of dry weight 
(Table 19). 


Under both levels of substrate potassium and low light intensity 
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Table 18. Total potassium content of tomato plant tops grown under 


2 potassium and 3 temperature substrate levels and 2 levels 


of light intensity 


ee Average total K" per plant (g) 


Substrate Light Ay + 
temperature (C) intensity (f.c.) 4 meq K'/liter 12 meq K /liter 


Leaves 1250 750 Dace Sra 0530. 
1500 0.206 ab 0.427 cd 

23.9 750 vee’ aoe 0.789 e 

1500 0.315 abe 0.790 e 

29.4 750 0.358 be 0.87le 

1500 0.304 abc 0.715 e 

Stems 12.8 750 0.073 a 0.169 c 
1500 pee age 0.179 be 
2359 750 (qe bs Gye. 0.307 de 
1500 0.156 ab 0.344 de 

29.4 750 Calo len 0.285 e 

1500 0.165 ab 0.356 d 

Whole 1228 750 0.300 2 0.704 b 
plants 1500 0.317 ab 0.606 b 
(leaves 23.9 750 0.520 b V097--c¢ 
& stems) 1500 0.471 b 2 ie, cd 
29.4 750 0.489 ab Eup helen ke 

1500 0.469 b UATE Dies) 


*Figures not followed by the same letter, within or between columns 
within each group (i.e. leaves, stems, whole plants) are significantly 
different from each other (p = 0.05) according to Duncan's multiple- 
range test. 
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Table 19. Potassium content as percent of dry weight of tomato 


plant tops grown under 2 potassium and 3 temperature 


substrate levels and 2 levels of light intensity 


Treatment Average ra content per plant 


(Percent of dry weight) 
Substrate Light 


temperature (C) intensity (f.c.) 4 meq KT /liter 12 meq K'/liter 


Leaves 12.3 750 * 2.96 c¢ 4.84 e 
1500 Le) ea Sichope ids 
2569 750 2.64 ¢ Silo e 
1500 2. 022d 4.00 d 
29.4 750 2.45 be 5593 Ef 
1500 Lars a Bs. 81—d 
Stems 12:8 750 2aClEe 4.10 e 
1500 98 2 Fas ed 
5 RS P50 2.65 be 3.64 de 
1500 2.21 ab Se20ced 
29.4 750 Deka ab Sa/0 cde 
1500 roo a 2 eee 
Whole 12.8 750 269s 4564 f£ 
plants 1500 ear a 3.48 e 
(leaves 7 | 750 2.65 cd ie Ole e 
& stems) 1500 ZU? aD TL eS 
29.4 750 Zuo bE my as 
1500 TeLgra 3 te = 


*Figures not followed by the same letter, within or between columns 
within each group (i.e. leaves, stems, whole plants) are significantly 
different from each other (p = 0.05) according to Duncan's multiple- 


range test. 
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the potassium content of the aerial portions of the plants increased 
with increase in substrate temperature up to 23.9 C after which it 
leveled off or dropped (Table 18). As one would expect the potassium 
content was higher in plants growing under the high level of substrate 
potassium than those under the low level. 

Expressed as percent of dry weight the potassium content of the 
plants was remarkably different under the two light intensities and 
two potassium levels regardless of root medium temperature (Table 19). 
Under both levels of substrate potassium the plant potassium content 
as per cent of dry weight was higher at low light intensity than high 
light intensity regardless of substrate temperature. The maximum 
potassium uptake occurred at low light intensity in combination with 
high substrate temperature under high level of substrate potassium 
(Table 18 and 19). 

Analysis of variance indicated that the potassium level and light 
intensity both had a highly significant (p = 0.01 influence on the 
ratio of potassium to dry weight of the leaves. Substrate potassium 
level and its interaction with light intensity, as well as substrate 
potassium level and its interaction with substrate temperature also 
appeared to affect this relationship (p = 0.05). All three factors, 
substrate potassium, light intensity, and substrate temperature had 
a highly significant influence on this potassium-dry weight relation- 
ship with respect to stems but the interaction of these factors was 
not significant. 

3. Caletum 


Calcium content was tabulated both in terms of the average total 
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calcium content per plant (Table 20) and as percent of dry weight 
(Table 21). 

Under the low level of potassium, calcium content of the plants 
tended to increase with increasing substrate temperature under both 
levels of light intensity (Table 20). Under the high level of 
substrate potassium, calcium content increased with increasing 
substrate temperature up to 23.9 C after which it leveled off. The 
Same trend was observed with the leaves and stems taken separately. 

The calcium of the plants expressed as percent of dry weight 
showed a trend of moderately decreasing levels in the plants with 
increase in substrate temperatures. The maximum calcium content was 
at a substrate temperature of 29.4 C, low light intensity, and low 
substrate potassium (Table 20) but on a dry weight basis the maximum 
calcium content occurred in plants at the 12.8 C substrate tempera- 
ture (Table 21). The calcium content as percent of dry weight was 
higher at low light intensity than high light intensity in combination 
with the low level of substrate potassium (Table 21). However, actual 
calcium content on a per plant basis was higher under high light 
intensity (Table 20). 

Under the high substrate potassium level there were no significant 
differences between high and low light intensity treatment with regard 
to effect on calcium content as percent of dry weight. 

4, The pH of nutrient solutions 
The pH of nutrient solutions used to feed the tomato plants under 


the 3 temperature, 2 light intensity and 2 substrate potassium treat- 
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Table 20. Total calcium of tomato plant tops grown under 2 potassium 


and 3 temperature substrate levels and 2 levels of light 


intensity 


Treatment Average total cath? content 
per plant (g) 
Substrate Light 
temperature (C) intensity (f.c.) 4 meq KT /liter 12 meq K’/liter 


Leaves F250 750 *0.190 a 0,192 %a 
1500 0.212 ab QO. ve 
234.3 750 0.315 ef 0.265 “cd 
1500 0.309 def 0.302 def 
29.4 750 O73523 "5 0.250 be 
1500 D.d2ZELE 0.277 cde 
Stems 12.8 750 0.045 a 0.048 a 
1500 0.065 ab 0.054 ab 
PA ERS 750 0.077 be 0.081 bed 
1500 0.115 e 0.095 cde 
29.4 vo \0) 0.100 cde 0.076 be 
1500 0.113 e 0.106 de 
Whole 12.8 750 0.236 a 0.240 a 
plants 1500 0.277 ab 0.232% 
(leaves 23.9 750 0.392 de 0.345 cd 
& stems) 1500 0.424 e 0.397 de 
29.4 750 Osye3 te 0.326 be 
1500 0.441.¢ 0.384 de 


*Figures not followed by the same letter, within or between columns 
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within each group (i.e. leaves, stems, whole plants) are significantly 


different from each other (p = 0.05) according to Duncan's multiple- 
range test. : 


os ine ve Ce ovmmgd 20 putoliso Jase? .0f elder 


- ' 
4 ; b | Wie? 
1 
4 ’ 
oe 
I ) 
a f - 
r 
1 »| 4 
" f 
f 
:) 
A { x 7 
— 
> 
) £98 0 Hee df 
4 . ail Vile 
Se = = —_ = 
~ = 
~~ 
*. 
Ge \ 8.§ 
‘wry f 
\ ian 
ho mn ec 
: fi i ’ t+ 
7 7 r ' 
i s¢ 
: is yee 
4 } 
it ; 
jl 7 ae 
a _—— — a ee et ee i senate 
= a 
a: ‘ 
C Ont § $I sic A 
“ sf ; 
VUCt sansiq 
7 - : 
ia uct ; @.c8 agvBS i 
~ 


eh » ee a | (te20ed 


es - 
: e. ¢ O24 0S 
i ’ , ‘ 4 WU 

se eet ow as ~—— ect apes time 


to aisdalw ,109251 ope aria vd bsvollol Jon esxughit F 

pornges slody: ‘<aomye ynovesd =? lay quozg toms attaiw 

9228 Cay o« 3) zacis0 fa tain Nos 8 ca | 
: 


Leo nsewied 
7 (a 


a ar 00 ‘ 
- 


the 


ise ae, Sy Sa at “te 
; ' mi ne i ) a 


7 


61 


Table 21. Calcium content as percent of dry weight of tomato plant 


tops grown under 2 potassium and 3 temperature substrate 


levels and 2 levels of light intensity 


Treatment Average cat? content per plant 
(Percent of dry weight) 
Substrate Light + i 
temperature (C) intensity (f.c.) 4 meq K /liter 12 meq K /liter 
Leaves P2356 750 * 2.50 e 1.74 abc 
1500 Leda pe Leo. oD 
23.9 750 2.20 Se 1.70 abc 
1500 1.96 ed 3553 ap 
29.4 750 2.21 de 1.69 abc 
1500 1.88 c 1.49 a 
Stems 260 750 Lett a 1.16 ab 
1500 dn £52 BD 0.96 a 
239 750 L.sh abed 0.98 a 
1500 1.63, cd 0.89 a 
29.4 750 1.62 bed 1,02 4 
1500 1.29 abc 0.89 a 
Whole 12.8 750 YAEL TE Gs 1.58 bed 
plants 1500 1.61 bed 1.32 ab 
(leaves 23.9 750 1.99 e 1.46 abc 
& stems) 1500 1.87 de 1.30.2 
29.4 750 2.04 ef 1.46 abc 
1500 1.68 cd 1626-8 


*Figures not followed by the same letter, within or between columns 
within each group (i.e. leaves, stems, whole plants) are significantly 
different from each other (p = 0.05) according to Duncan's multiple- 


range test. 
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ments were monitored during the growing period to determine if the 
various treatments had a significant effect on altering the pH 
(Table 22). pH increased with increasing substrate temperature from 
12.8 C to 23.9 C but no further significant increase occurred from 
23.9 C to 29,4.¢. 

Analysis of variance indicated that only substrate temperatures 


had a highly significant affect on altering pH. 
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Table 22. Changes in the pH of nutrient solutions 7 days after being 
applied to plants growing under 2 potassium and 3 temperature 


substrate levels and 2 levels of light intensity 


Change in pH of nutrient 
Treatment solutions 7 days after 
application (Initial pH = 5.6) 
Substrate Light + A 
temperature (C) intensity (f.c.) 4 meq K /liter 12 meq K /liter 


12.8 750 *+ .83a 80 ra 
1500 se roe heey +9488 a 
2a<9 750 +21; S0°b + 1.70 b 
1500 + 1.85 b +, 1.53. b 
29.4 750 +. er 5b + 1.73 b 
1500 + 1,90. b ted a ded 


*Within or between columns figures not followed by the same letter 
are significantly different from each other (p = 0.05) according 


to Duncan's multiple-range test. 
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Discussion 


Magnesium is particularly subject to a number of interactions 
with other nutrient elements. From the results of these studies 
it is evident that the substrate temperature and light intensity has 
an influence on these interactions and the subsequent uptake of 
major cations. 

It is clear that soil temperature has an important part to 
play in the growth of tomato plants in the greenhouse. Results of 
this study confirm that substrate temperature does influence the 
growth of tomatoes in the greenhouse. The plant height increased 
with an increase in substrate temperature from 12.8 C to 23.9 C and 
then decreased at 29.4 C (Table 1). This is in agreement with an 
observation of Canham (1964). He indicated that soil temperatures 
higher than 57 F (17 C) - up to 77 F (25 C) in fact - have a bene- 
ficial effect on the rate of vegetative growth which should be 
reflected in subsequent crop yield. Tomato plants will grow faster 
at soil temperatures up to 77 F and this is a factor which should be 
under the complete control of the grower. 

The higher substrate temperature and substrate potassium 
appeared to hasten maturity of the first flower buds. However, the 
height of the first flower cluster of tomato plants was not influenced 
by the substrate temperature and potassium nutrition (Table 2). The 
maximum dry weight was obtained when the substrate temperature was at 
23.9 C for both levels of substrate potassium (Table 3). The growth 


(height and dry weight) was optimal at substrate temperature of 23.9 C 
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and was reduced at the temperature treatment above this. The substrate 
temperature and the potassium level each influenced the plant growth 
independently but no interaction of the two factors was evident. 

These effects of substrate temperature support Canham's findings 
(1964). Similar experiments by Kabu also indicated an increase in 
growth (dry weight) with the higher level of substrate potassium 

(Kabu and Toop 1970b). 

It has been shown by many workers that the rate of uptake of 
various soil nutrients is dependent on soil temperature. The total 
magnesium content in the plant as well as the content expressed as 
percent of dry weight was greatest at 29.4 C under the low level of 
substrate potassium (Table 4 and 5). When the potassium supply was 
low, the magnesium content of the plants increased with increase in 
substrate temperature throughout the range of treatment temperatures, 
whereas at the high level of potassium the magnesium content increased 
up to the treatment temperature of 23.9 C above which it decreased. 
This is in agreement with an observation of Kabu and Toop (1970b) 
that high root-medium temperature hinders magnesium uptake under con- 
ditions of high substrate potassium. The interaction between substrate 
potassium and the substrate temperature was highly significant. This 
indicates that high substrate temperature and high substrate potassium 
level could contribute to the problem of potassium-induced magnesium 
deficiency. The magnesium deficiency in greenhouses, in spite of 
normal substrate magnesium levels, are frequent on crops such as 
tomatoes, cucumbers and chrysanthemums. This phenomenon might be 


explained as a potassium-magnesium antagonism favored by warm tempera- 
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ture. The superior growth response of tomatoes in ground beds as 
compared with those grown in raised benches could be interpreted as a 
consequence of the better buffering capacity of the ground benches 
against high day temperatures. 

The magnesium tended to accumulate in the leaves rather than 
the stems or roots (Table 5). This agrees with the results of previous 
workers including Kabu and Toop (1970a). 

Substrate temperature also affected the potassium uptake of 
tomato plants. The total uptake of potassium was affected by substrate 
temperature and potassium nutrition (Table 6). As might be expected 
the plant potassium increased when substrate potassium was raised 
regardless of substrate temperature. With regard to temperature 
effects, the plant potassium content tended to increase with increase 
in temperature only up to 23.9 C after which it dropped. However, 
on a percent dry weight basis it appeared to increase with increase 
in temperature throughout the range of temperature treatments but this 
trend was consistent only at the lower level of substrate potassiun. 
However, this is explained by the fact that dry weight was substantially 
reduced at the highest substrate temperature thus increasing the ratio 
of potassium to dry weight. Kabu and Toop (1970c) observed slightly 
different results. They found that the potassium content as percent 
of dry weight under the low level of substrate potassium showed an 
increasing trend up to the substrate temperature of 23.9 C. Further 
increase in temperature to 29.4 C resulted in a depression in 
potassium content as percent of dry weight. They found that under 


the high substrate level of potassium highest content of the plants 
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was at 12.8 and 29.4 C and did not show any consistent trends. 
Results of this study confirm their findings with regard to this 
temperature effect at the high substrate potassium level. 

With regard to the uptake of calcium there is a trend toward 
decreased calcium uptake under high substrate potassium and higher 
temperatures (Table 8). This is in agreement with observations of 
Mulder (1956) and Kabu and Toop (1970a). Mulder reported that the 
absorption of calcium may be depressed by excessive amounts of 
potassium or magnesium. Results of this study confirm that substrate 
potassium affects the absorption of calcium by tomato plants. The 
calcium as percent of dry weight was found to be higher under low 
potassium compared with high potassium levels at all levels of sub- 
strate temperature (Table 9). The substrate temperature did not 
appear to affect the absorption of calcium to any extent. 

Under the higher substrate potassium level there were no 
significant differences between temperature treatments; under the 
lower potassium substrate level differences were significant only 
between the lowest and highest substrate temperatures. Arye and 
Shulman (1971) reported a marked increase in calcium content of apple 
tree leaves at a root temperature of 25 C with increases in the 
potassium level of the nutrient solution. At the root medium tempera- 
ture of 25 C, however, leaf calcium decreased with increases in 
potassium levels. These results appear to contradict those reported 
here or by other workers such as Mulder (1956) but the differences 
in kind of plant material used and experimental procedures could 


account for this difference in results. 
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Plants such as tomatoes, beans, cereals and many ornamentals 
that grow best in unshaded conditions make very satisfactory growth 
under quite a range of light intensities. In these studies tomatoes 
were grown under two light levels both of which were relatively low 
in comparison to full sunlight. However, these experiments showed 
that difference in light intensity even at this relatively low level 
can cause differences in plant growth and ability to absorb mineral 
nutrients. 

At the lowest substrate temperature (12.8 C) and the higher light 
intensity the plants were taller and potassium substrate level ap- 
peared to have little influence as compared with the low temperature 
plants growing under the low light intensity where high substrate 
potassium appeared to compensate for reduced light to some extent 
(Fig. 1). Farmer (1970) found that Aspen height diminished when 
light intensity was reduced from 1700 to 500 foot candles. This is 
in agreement with the results reported here but only for a substrate 
temperature of 12.8 C. The substrate temperature in Farmer's 
experiment was 25 C. At the higher substrate temperatures (23.9 
and 29.4 C) the light intensity appeared to’ be a major factor for 
plant growth. The plants receiving higher light intensity tended to 
be shorter than those receiving the lower light intensity under both 
levels of substrate potassium (Fig. 2 and 3). As substrate tempera- 
ture was increased the effect of potassium on plant height decreased 
and the effect of light intensity increased. 

A reduction of light intensity from 1500 foot candles to 750 


foot candles caused a marked change in plant internode length 
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(Table 11). Differences in plant height were due to differences in 
internode elongation rather than differences in numbers of internodes 
produced. This is in agreement with observations of Kedar and Retig 
(1968). 

Under different light intensities there were significant 
differences in the height of the first flower cluster mainly between 
light treatments but also between some substrate potassium and 
substrate temperature treatments as well (Table 12). In the green- 
house studies (Experiment I) where light intensity was not controlled 
substrate potassium and substrate temperature treatment had no sig- 
nificant effect on the height of the first flower cluster (Table 2). 

High potassium levels coupled with higher light intensity and 
higher substrate temperatures appeared to hasten maturity of the first 
flower buds (Table 13). This agrees with the pattern of results in 
Experiment I where high potassium and high substrate temperature 
favored early flowering as well. These results could be of practical 
significance to the commercial grower. 

The thickness of tomato plant stems apparently is affected by 
potassium levels, light intensity and substrate temperature (Table 14). 
It is standard practice in greenhouse production, particularly of 
chrysanthemums, to increase potassium fertilization as the crop matures 
in order to improve stem strength. This toning of stems with 
potassium is particularly effective when light conditions are poor 
(winter months). The results of these experiments indicate that 
both light and potassium fertilization do indeed have a very signifi- 


cant effect on stem diameter and this in turn would undoubtedly 
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improve stem strength as well. On the basis of these results it 
would appear that in commercial greenhouse production if soil temp- 
eratures could be raised when light conditions are poor it should 
help to improve the stem quality of the crop. It further emphasizes 
the importance of the standard recommendation that greenhouse crops 
be watered with warm water rather than cold water. As indicated 
earlier these conditions of warm substrate temperatures and high 
substrate potassium also favor earlier maturity of the first flower 
cluster of tomatoes. 

With regard to the effect of light intensity on the mineral 
content of the plant tissue, results of this study confirm previous 
results (Kabu and Toop 1970c) that significantly more magnesium as 
percent of dry weight is found in plants under low light intensity 
than under higher light intensity regardless of levels of substrate 
potassium or substrate temperatures. From the data (Table 17) it 
would appear that high light intensity and high potassium substrate 
levels would tend to aggravate the problem of potassium-induced 
Magnesium deficiency. The interaction between the potassium and light 
intensity factors should contribute more to the problem of potassium- 
induced magnesium deficiency than would the interaction between 
substrate temperature and substrate potassium. A-comparison of the 
results of Experiment I and Experiment II support cits statement. 
Statistical analysis did not support the possibility that substrate 
temperature alone has a direct effect on potassium-induced magnesium 


deficiency. 
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The total uptake of potassium was affected by substrate temp- 
erature, light intensity and potassium nutrition (Table 18). The 
leaf potassium and stem potassium increased when potassium level was 
raised in the nutrient solution. This is in agreement with the 
findings of Kabu (1970c). He indicated a trend toward higher 
potassium content under reduced light when analyzing indicator 
leaves for potassium content. These results (Table 18) also show a 
trend toward higher amounts of potassium in the entire plant tops 
with a reduction in the level of light intensity. Total uptake of 
potassium appears basically to be a function of plant growth and 
the level of fertilization of potassium. The potassium content as 
percent of dry weight was remarkably different under the two light 
intensities (Table 19) regardless of substrate temperature. The 
maximum potassium uptake occurred at low light intensity in combina- 
tion with high substrate temperature under high level of substrate 
potassium (Table 18 and 19). Potassium level and light intensity 
appear to be the main factors influencing the ratio of potassium to 
dry weight in the leaves. Substrate potassium level and its inter- 
action with light intensity, as well as substrate potassium and its 
interaction pitlieublerets temperature are all affecting this re- 
lationship. 

The calcium content as percent of dry weight tended to be 
higher at low light intensity than high light intensity particularly 
at the low level of substrate potassium (Table 21). This is not in 
agreement with the results of Kabu (1970c).- He indicated that the 


tissue samples taken fourteen weeks after transplanting from plants 
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under reduced light intensity had relatively less calcium content in 
them than did those from the plants grown under full light. However, 
it must be pointed out that in Kabu's experiments only indicator leaves 
were analyzed not the entire leaves or tops, the plants were more 
mature (14 weeks old) and the levels of light were at a higher range 
than used in these experiments. 

With regard to changes in pH of the nutrient solutions under 
various treatment regimes results of this study indicate that only 
substrate temperature treatments had any effect and this effect was 
significant only between the 12.8 C and 23.9 C treatments. Since 
substrate temperature did not significantly affect uptake of any of 
the cations involved in these studies it can be assumed that the 
changes in pH were not significant in affecting the results. Further- 
more, other workers have found little effect of nutrient media pH 
over the wide range of 4.0 to 9.0 on the uptake of inorganic nutrients 
from culture solution (Shine 1939 and Olsen 1953). 

In conclusion it might be stated that the results of these 
studies have some practical application to the commercial production 
of tomatoes and perhaps other crops under glass as well. First of 
all these studies give further support to the premise that high 
levels of substrate potassium do suppress the uptake of magnesium. 
However, this potassium-magnesium antagonism appears to be enhanced 
by high light intensity and particularly high light intensity in com- 
bination with low substrate temperature. This combination of factors 


could occur in greenhouses in late spring. Reference to the practical 
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importance of potassium nutrition in greenhouse crops has already 

been made. The fact that high substrate potassium under low light 
conditions improves stem growth emphasizes the importance of having 
adequate potassium available to greenhouse tomatoes and other crops 
during the winter season. Furthermore, the fact that low light 
enhances magnesium uptake helps to offset the effect of high potassium 
on reducing magnesium uptake at this season of the year. During the 
spring, summer and early fall when light conditions are good high 
potassium is less important for stem growth and should be reduced in 
greenhouse soils in order to help compensate for the effect of high 


light on restricting magnesium uptake. 
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